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http://dx.doi.org/10.1016/j.jfma.201Background/Purpose: Digital subtraction venography (DSV) and computed tomography veno-
graphy (CTV) are both recommended for diagnosing MayeThurner syndrome. The literature
contains little information on the correlation between these imaging tools. We performed a
retrospective case-series study to investigate this correlation.
Methods: From August 2009 to August 2010, 42 patients with MayeThurner syndrome (34 wo-
men, 8 men; mean age: 52.8  13.5 years) received DSV followed by CTV. The DSV was used
to evaluate the degree of venous reflux, reflux start-up time, and flow time. By CTV, the ratio
of cross-sectional area and the ratio of diameter between the narrowest region to that of the
caudal part of the left common iliac vein were calculated. The correlation between these
variables for DSV versus CTV was calculated using Spearman’s rank correlation coefficients.
Results: In DSV evaluation of the extent of reflux, 19.0% of cases were classified as Grade 0,
11.9% as Grade I, 28.6% as Grade II, and 40.5% as Grade III. The mean  standard deviation
flow times for these groups were 2.00  0.38 seconds, 1.75  0.29 seconds, 1.67  0.72 sec-
onds, and 1.81  0.68 seconds, the mean time for total patients was 1.76  0.78 seconds. The
reflux start-up times for Grades IeIII were 2.00  1.00 seconds, 1.80  1.23 seconds, and
1.40  0.49 seconds, and the mean time was 1.6  0.8 seconds. In CTV, the mean area ratio
and diameter ratio were 0.78  0.22 (range, 0.22e1.27) and 0.75  0.24 (range, 0.33e1.25).
The reflux start-up time showed a positive correlation with the cross-sectional area ratio
(r Z 0.518; p Z 0.002) and diameter ratio (r Z 0.413; p Z 0.019).ave no conflicts of interest relevant to this article.
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364 Y.-S. Kuo et al.Conclusion: The cross-sectional area ratio and diameter ratio in CTV correlate with the reflux
start-up time in DSV. For MayeThurner syndrome, both CTV and DSV provide essential infor-
mation for diagnosis and evaluation of the disease. The positive correlation between anato-
mical and hemodynamic properties corresponds with the underlying pathophysiology.
Copyright ª 2013, Elsevier Taiwan LLC & Formosan Medical Association. All rights reserved.Introduction
MayeThurner syndrome, also known as iliac vein com-
pression syndrome, constitutes an anatomic variant of the
left common iliac vein. In this syndrome, the left common
iliac vein is compressed by the overlying right common iliac
artery and the underlying lumbar vertebrae. The narrowed
lumen is directly responsible for the insufficiency of venous
return. Furthermore, the chronic pulsations in the overlying
right iliac artery contribute to the development of a fibrous
spur-like band in the anterior wall of the underlying vein, or
other intraluminal changes. Consequently, the venous
return from the left iliac vein is partially blocked.1 Most
patients with MayeThurner syndrome are asymptomatic,
but the condition may cause leg swelling, varicosities, deep
venous thrombosis, chronic venous stasis ulcers, or more
serious complications such as pulmonary embolism or
phlegmasia cerulea dolens.2,3 Diagnosis must be based on
the patient’s clinical history and imaging findings, after
other possible causes have been excluded.4
The gold standard for detecting MayeThurner syndrome
and planning therapeutic interventions is digital subtraction
venography (DSV).4 DSV obtained via femoral access can
demonstrate the compression itself and the presence of
tortuous venous collaterals crossing the pelvis to join con-
tralateral veins. The diagnostic accuracy and sensitivity is
higher for the 3D rotational DSV than for the 2D DSV alone
(88.2% vs. 70.6% and 90% vs. 66.7%). The 2D images alone had
excellent specificity (100%) and positive predictive value
(100%) in the diagnosis of venous narrowing.5 Computed
tomography venography (CTV) is recommended as a useful
alternative that provides less invasive diagnostic imaging. A
CTV image not only shows the offending overlying artery but
can also show the presence of any other extrinsic com-
pressions.6 It is also useful to evaluate long-termpatency and
changes in the iliac veins after stent placement.7 As diag-
nostic tools, bothDSVandCTVare recommended, but to date
the literature lacks information on the possible correlation
between these two types of imaging. We performed a ret-
rospective case-series study to investigate this relationship.
Because the data of the same patient group who performed
both DSV and conventional CTV were lacking, we collected
the CTV performed with contrast medium injection via
bilateral femoral sheaths and assumed to present the same
anatomical features of iliac veins as conventional CTV per-
formed with peripheral venous injection.
Materials and methods
Patients
This retrospective case review was approved by our insti-
tutional review board with a legally waived informedconsent and our conduct followed the Declaration of Hel-
sinki. From August 2009 to August 2010, 44 patients diag-
nosed with MayeThurner syndrome based on clinical
presentations received DSV at our hospital, immediately
followed by a CTV study. Both imaging routines were per-
formed as part of the outpatient procedure. Two patients
were excluded from our study because they had received
an iliac vein stent. The study group thus included 42
patients (34 women, 8 men) with a mean  standard
deviation age of 52.8  13.5 years (range, 23e77 years).
Their chief complaints included swollen legs (n Z 38),
varicose veins (n Z 16), or pigmentation of one or both
lower limbs (n Z 16).
DSV
For the DSV, two 4F sheaths (Terumo Corporation, Tokyo,
Japan) were inserted into both common femoral veins of
the patient using the Seldinger technique. Two high-
pressure tubes were connected from each femoral sheath
to a three-way stopcock fitted with a male-male rotating
adapter (Merit Medical Systems, South Jordan, UT, USA).
The adapter was connected by a third tube to the power
injector. The DSV procedure began with 10 mL of iodinated
contrast medium, either Optiray 350 (Covidien, Dublin,
Ireland) or Omnipaque 350 (GE Healthcare, Little Chalfont,
Buckinghamshire, UK) being administered at 5 mL/second
into each femoral vein. Thereafter, the stopcock was
switched to control the flow direction of iodinated contrast
medium from injector into the both femoral sheaths, and
18 mL of contrast medium was administered at 9 mL/sec-
ond simultaneously into both femoral veins. The interval for
imaging was two photographs/second.
The extent (grade) of venous reflux, the reflux start-up
time, and flow time were identified under standard angio-
graphic settings (window center 2048 HU, window width
4096 HU). The reflux extent was classified into four grades:
Grade 0, no venous reflux (Fig. 1A); Grade I, reflux
extending to internal iliac vein (Fig. 1B); Grade II, reflux
extending to pelvic venous collaterals (Fig. 1C); and Grade
III, reflux extending to lumbar venous collaterals (Fig. 1D).
The reflux start-up time was defined as the period between
the injection of contrast media and the start of venous
reflux. The flow time was defined as the period between
contrast media injection until the media passed the com-
pressed region into the inferior vena cava. Time was
measured using the serial numbers provided on the films.
CTV
CTV imaging was performed on 64-detector CT equipment
(Lightspeed VCT; GE Healthcare, Waukesha, Wisconsin,
USA) using scanning parameters of 120 kV, 80e550 mA,
Figure 1 Grade of reflux included: (A) Grade 0, no venous reflux; (B) Grade I, reflux extending to internal iliac vein; (C) Grade II,
extending to pelvic venous collaterals; and (D) Grade III, extending to lumbar venous collaterals.
Correlating DSV and CTV for MayeThurner syndrome 365helical thickness of 2.5 mm, and reconstructive interval of
2.5 mm. The coverage started from diaphragm to the level
of femoral sheaths. The same tubing configuration was used
as for DSV for the bilateral simultaneous femoral vein
injections, and assumed to present the same anatomical
features of iliac veins as conventional CTV, which is per-
formed with peripheral venous injection. For patients with
a body weight of 80 kg or less, the injection protocol fol-
lowed two phases: an initial administration of 50 mL con-
trast administered at a rate of 2.2 mL/second, followed by
120 mL of a mixture of 25% contrast and 75% saline
administered at 5.0 mL/second. For patients weighing more
than 80 kg, the rate of injection was increased in the first
phase to 2.3 mL/second and the contrast-saline mixture
ratio was altered to 30e70% for the second phase.
A region of interest was placed in the descending aorta
at the mid-heart level, and the scan was manually triggered
at a threshold of 150 HU by real-time contrast tracking with
SmartPrep software (GE Healthcare, USA). The image data
were then transferred to a postprocessing computer work-
station (Advantage Workstation 4.4; GE Healthcare, USA)
that allowed generation of volume-rendering recon-
structions (Fig. 2A,B) and multiplanar reconstructions
(Fig. 2C; 1.25-mm slice thickness, 1.25-mm interval, field ofview 42 cm, matrix of 512, window centre 350 HU, window
width 2000 HU). The multiplanar reconstructions were
generated parallel to the plane constituted by the axis of
the overlying common femoral artery and vertical to the
coronal views. The cross-sectional area and diameter were
measured at the narrowest side of the left common iliac
vein and at the caudal region with normal caliber immedi-
ately above the confluence of the internal and external
iliac veins under a 13-cm field of view (Fig. 2D). The ratio of
area and diameter for the narrowest side to the area and
diameter of the caudal region were calculated, respec-
tively. Each measurement was performed twice, and the
mean value was recorded.
Statistical analysis
Statistical analysis was performed with SPSS version 10.0
software (SPSS, Chicago, IL, USA). Spearman’s rank corre-
lation coefficients were calculated to correlate two sets of
data: (1) the extent of venous reflux, reflux start-up time,
and the flow time in DSV; and (2) the two ratios for CTV,
that is the cross-sectional area ratio and the diameter ratio
for the narrowest region versus the caudal region of the left
common iliac vein.
Figure 2 (A) Volume-rendering reconstruction of the arterial and venous system showing extrinsic compression of the left
common iliac vein by the right common iliac artery. (B) Volume-rendering reconstruction depicting the narrowest and caudal
regions of the left common iliac vein. (C) Multiplanar reconstruction of 3 oblique cuts to identify the cross-sectional area at the
narrowest part of the left common iliac vein. (D) The cross-sectional area (dotted circle) of left common iliac vein was measured on
workstation under a 13-cm field of view.
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In the DSV evaluation, the extent of reflux was classified
into four grades: 19.0% (n Z 8) of our patients were rated
Grade 0; 11.9% (nZ 5) were rated Grade I; 28.6% (n Z 12)
were rated Grade II; and 40.5% (n Z 17) were rated Grade
III. The mean  standard deviation of flow times for Grade
0eIII patients were 2.00  0.38 seconds, 1.75  0.29 sec-
onds, 1.67  0.72 seconds, and 1.81  0.68 seconds,
respectively, and the mean flow time for total patients was
1.76  0.78 seconds. The mean of reflux start-up times
were 2.00  1.00 seconds, 1.80  1.23 seconds, and
1.40  0.49 seconds for patients rated Grades IeIII, and the
mean time was 1.6  0.8 seconds for all patients. A trend
was noted in which the grade of reflux increased as the
reflux start-up time decreased, but the statistical result ofSpearman’s correlation was not significant (pZ 0.114). The
correlation between the grade of reflux and the flow time
also did not reach a level of statistical significance
(p Z 0.309; Table 1).
In multiplanar reconstructive CTV evaluation, the mean
cross-sectional area ratio was 0.78  0.22 (range,
0.22e1.27). The majority of patients exhibited an area
ratio <1.0, and only 19% (nZ 8) of cases had a ratio >1.0.
The mean cross-sectional diameter ratio was 0.75  0.24
(range, 0.33e1.25). A strong positive correlation emerged
between area ratio and diameter ratio (r Z 0.811;
p < 0.001).
The reflux start-up time was moderately and positively
correlated with both the cross-sectional area ratio
(r Z 0.518; p Z 0.002) and diameter ratio (r Z 0.413;
pZ 0.019; Table 2, Fig. 3). There was a trend for the cross-
Table 1 The means, standard deviations, and Spearman correlation coefficients of digital subtraction venography parameters
(reflux start-up time and flow time) and computed tomography venography parameters (cross-sectional area ratio and diameter
ratio) in the four subgroups of the grade of venous reflux.
Degree of venous reflux Correlation
coefficient (p)0 1 2 3
Reflux start-up time d 2.00  1.00 1.79  1.23 1.35  0.49 0.285 (0.114)
Flow time 1.50  0.38 1.75  0.29 1.67  0.72 1.81  0.68 0.165 (0.309)
Cross-sectional area ratio 0.85  0.18 0.87  0.28 0.77  0.18 0.72  0.25 0.245 (0.117)
Cross-sectional diameter ratio 0.78  0.12 0.90  0.21 0.73  0.18 0.72  0.26 0.197 (0.210)
Correlating DSV and CTV for MayeThurner syndrome 367sectional area ratio to decrease as the grade of reflux
increased, but the statistical result of Spearman’s correla-
tion was not significant (p Z 0.117). A positive trend was
also noted between flow time and cross-sectional diameter,
but the correlation was not statically significant
(p Z 0.149).
Discussion
MayeThurner syndrome is a condition of venous return
insufficiency caused by compression of the left common
iliac vein by the right common iliac artery. Two factors
are responsible for the partial obstruction of the vein by
the overlying artery: the anatomic orientation of the
artery, with subsequent physical entrapment of the left
common iliac vein, and extensive intimal hypertrophy of
the vein resulting from the chronic pulsatile force of the
right common iliac artery.3 Patients may present with
swollen legs, varicosities, deep venous thrombosis,
chronic venous stasis ulcers, or more serious complica-
tions such as pulmonary embolism or phlegmasia cerulea
dolens. Our study retrospectively analyzed the correla-
tion between the two most frequently used diagnosing
imaging modalities: DSV and CTV. The findings showed
that the reflux start-up time in DSV correlated positively
with both the cross-sectional area ratio and the diameter
ratio in CTV. These findings indicated that luminal nar-
rowing at the compression site contributed to the venous
insufficiency, and the severity of venous stasis could be
predicted by measuring the area ratio and diameter ratio
using CTV. CTV provides a relatively noninvasive imagingTable 2 Spearman correlation coefficients for digital
subtraction venography parameters (grade of reflux, reflux
start-up time, and flow time) and computed tomography
venography parameters (cross-sectional area ratio and
diameter ratio).
Cross-sectional
area ratio
Cross-sectional
diameter ratio
Extent (grade)
of reflux
0.245 (0.117) 0.197 (0.210)
Reflux start-up
time
0.518 (0.002*) 0.413 (0.019*)
Flow time 0.129 (0.429) 0.232 (0.149)
Values represent r (p); *significant at p < 0.05.tool to diagnose and evaluate the severity of venous
insufficiency.
In this study, the compression area was larger than the
area at the caudal region among 19% of cases, and neither
flow time nor grade of reflux was significantly correlated
with the area ratio or diameter ratio. These findings
showed that the mechanism of MayeThurner syndrome was
not the only factor responsible for arterial compression
blocking the venous return; chronic venous intraluminalFigure 3 Reflux start-up time has a moderate positive cor-
relation with both the (A) cross-sectional area ratio
(p Z 0.002) and (B) diameter ratio (p Z 0.019).
368 Y.-S. Kuo et al.changes also played a role. The transmitted pulsation of the
overlying artery is thought to cause the two walls of the
vein to rub against each other, leading to proliferation of
the endothelium and the formation of a partition in the
lumen. Although CTV depicts the details of anatomical
structures, the intraluminal septation that may disturb
venous flow is not easily seen because of limitations in the
imaging resolution. For this patient subgroup, DSV might
provide the superior imaging method to evaluate hemody-
namic status.
For MayeThurner syndrome, color duplex imaging is an
inadequate diagnostic tool because of the deep location of
the venous compression. In addition, despite its ease of
manipulation, noninvasiveness, and reliability, this method
is not sensitive enough to detect intraluminal pathophysi-
ology.4 By contrast, intravascular ultrasound can determine
the vessel size and identify intraluminal pathophysiology,
and may assist with interventional therapy6; however, this
equipment and technique is not available in all hospitals.
Magnetic resonance venography can detect a compressed
or obstructed area and the presence of collaterals, but has
the same shortcomings as CTV, namely an inability to depict
intraluminal hemodynamics.4,8
The main limitation of this study was that we measured
and compared factors influencing the hemodynamics of
venous return fora single groupofpatientswithMayeThurner
syndrome for both DSV and CTV. DSV imaging was immedi-
ately followed by CTV for each patient. Our study thus lacked
a control group because it was not possible to perform
both DSV and CTV on a healthy population. In addition, the
moderately positive correlation between the severity of
luminal narrowing and reflux start-up time indicates that
there are still more possible underlying factors influencing
the presence of reflux and clinical symptoms, such as
distensibility of vessel walls, heart function and systemic
fluid status. These factors should be evaluated in a future
study.
Conclusion
Both DSV and CTV are recommended tools to establish the
diagnosis of MayeThurner syndrome. The cross-sectionalarea ratio and diameter ratio in CTV correlate with the
reflux start-up time in DSV. For patients with MayeThurner
syndrome, both CTV and DSV provide essential information
for diagnosis and evaluation of the disease. The positive
correlation between anatomical and hemodynamic prop-
erties corresponds with the underlying pathophysiology.Acknowledgments
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